The California State Water Code requires anyone discharging waste that could affect the waters of the state to obtain a permit or coverage under a waiver. Agricultural runoff, whether from irrigation or rainfall, that leaves a property has been determined likely to contain waste (sediment, nutrients, chemicals, etc.) . Compliance under the Irrigation Lands Conditional Waiver is available to agricultural landowners who have runoff from their property caused by irrigation practices or winter rainfall. If no runoff from any source leaves a property, the California Water Code does not impact the property owner.
A major contributor to irrigation runoff can be water applied in excess of that required to refill the crop' s root zone. Excess applied irrigation water may directly run off, or it may contribute to deep percolation losses below the crop' s root zone. Deep percolation losses can degrade surface water quality under special hydrologic conditions where shallow groundwater is connected to surface waters.
Minimizing the application of excess water requires good irrigation scheduling (knowing when and how much water to apply) and knowing how much water is being applied by the irrigation system. For additional information on determining how much water to apply by estimating tree crop water use, see the companion publication Understanding Your Orchard's Water Requirements (ANR Publication 8212).
It is often difficult to measure the amount of water applied in surface irrigation systems. If water is delivered to the orchard in a pipeline, that pipeline is the easiest and most accurate location to make measurements. For additional information on how to measure pipeline flow rates, see Measuring Irrigation Flows in a Pipeline (ANR Publication 8213). It is more difficult and often less accurate to take flow measurements in an open ditch or canal system.
s urface i rrigation sYstems in Permanent cro Ps
Among the many surface irrigation systems used in orchards are ditch and siphon systems ( fig. 1) , orchard "pot" systems ( fig. 2) , and alfalfa valve systems. In these systems, irrigation water is applied either by using furrows or by flooding the entire area between tree rows (border check flow system). Measuring the water flow once it is in the furrows or borders is difficult and is not recommended. The best opportunity for measurement is at the inflow point to the orchard.
This publication describes the following surface irrigation flow conditions and mea- Each section below details how to determine the volume of applied irrigation water in acre-inches (ac-in). Another useful way of expressing applied water is in terms of the depth of water, inches in English units and millimeters or centimeters in metric units (for converting English units to metric units, see the table at the end of this publication). Expressing irrigation applications as a depth (inches) agrees well with rainfall information and crop water use (evapotranspiration) information, both of which are provided in inches.
To convert acre-inches of applied water to inches of applied water, use the following formula:
If the irrigation set area is not known, it can be determined by multiplying the field length by the irrigation set width and noting that 1 acre equals 43,560 square feet (ft 2 ). 
d itch and s i Phon sYstems
If the flow rate in the ditch is unknown, estimate either the ditch flow rate (float-area method), the pump discharge rate, or the siphon discharge rate.
float-area method
The float-area method requires measuring the cross-sectional area of the ditch and the amount of time it takes for a floating object to travel between two points in the ditch. This method provides only an estimate of the ditch flow rate, but it can be useful when other more accurate techniques are not available or practical. An example would be estimating the flow rate in a temporary head ditch that is used for only a few irrigations.
Select a straight section of ditch about 100 feet long where the width and depth are fairly uniform. Measure (in feet) and stake the distance between two locations. Determine the cross-sectional dimensions of the ditch at these points. The dimensions of the upstream and downstream cross-sections will be averaged and used later. If the ditch is very uniform, it will be necessary to determine the area of only one cross-section between the stakes.
A strong fiberglass extension ladder with a board fixed on top can be used as a bridge across the ditch. The top width of the channel can be measured by stretching a tape across the ditch. Most stream cross-sections are roughly triangular or trapezoidal in shape. The bottom and sides of the channel can be delineated by measuring the water depth at key locations from a measuring tape stretched across the top of the channel ( fig. 3 ). These channel measurements can be used to determine the channel cross-sectional area in square feet. Figure 4 shows the formulas for determining the area of a number of common channel shapes. Place a float such as a stick or tennis ball in the channel well upstream of the first stake. This allows the float to reach flow velocity before it reaches the upstream stake. Record the time (in seconds) it takes for the float to move from the first stake to the second. The float should stay in the center of the channel and not touch the channel sides. Repeat the float test a number of times and average the travel times if needed.
Determine the float velocity in feet per second (ft/sec) by dividing the distance between the measurement stakes by the time it took the float to pass between the two stakes. Since the average water velocity is less than the float velocity, a correction coefficient (table 1) must be applied to the measured float velocity.
Finally, determine the channel flow rate in cubic feet per second (cfs) by multiplying the average water velocity (ft/sec) by the average of the channel cross-sectional areas (ft 2 ) determined at the two stake locations. Note that 1 cfs = 449 gpm.
To determine the irrigation volume in acre-inches (ac-in) applied to the irrigation set from a given ditch, use the applicable formula below:
Pipe trajectory method
The pipe trajectory method can be used to estimate the flow rate from a pump discharge. For vertical pipes, measure the pipe' s inside diameter (D) and the height water rises above the end of the pipe (H) (fig. 5). Use table 2 to determine the flow rate from a vertical pipe (gpm). For horizontal pipes, measure the pipe' s inside diameter (D) and the distance of the trajectory (X) of the discharge water ( fig. 6 ). Use table 3 to determine the pipe discharge in gallons per minute (gpm).
To determine the water applied in acre-inches (ac-in) to the irrigation set from a given pipe, use the following formula:
siphon discharge rate
The discharge rate from an individual siphon can also be estimated by measuring the difference in water surface heights between the water in the ditch and the water in the field just downstream of the siphon. This difference in water levels is often called the "head" (fig. 7 ). Use figure 8 to determine the siphon pipe discharge (gpm).
To determine the water applied in acre-inches (ac-in) to the irrigation set, use the following formula: fig. 2 ). Two methods of flow measurement can be used under these conditions: either a flow meter can be installed in the pipeline or water can be measured manually as it discharges from the risers.
using a flow meter
The easiest flow measurement method is to install a flow meter in the pipeline upstream of the field. A propeller meter works very well. Installing a flow meter in the low-head concrete or plastic pipeline can be expensive if the pipeline has a large diameter. For plastic pipeline it may be possible to measure the flow rate using a portable Doppler flow meter temporarily strapped to the pipe' s outer wall. Having a flow meter at the water source may also be an option, especially if the water source is pumped from groundwater or an irrigation canal. The diameter of the pump discharge pipe is usually well suited for a flow meter. A complication to this method is where multiple water sources are used (e.g., multiple wells), and a number of fields are being irrigated simultaneously. In this instance, it may be difficult to determine the flow to an individual field.
If the flow meter indicates both instantaneous flow rate (i.e., gallons per minute, gpm) and totalized flow (i.e., gallons, acre-feet, or acre-inches), use totalized flow readings taken at the beginning and end of the irrigation set to determine the applied water. Using totalized flows is more accurate than using instantaneous flow rates. Use the appropriate formula below to fit your condition.
If your totalized flow is already in acre-inches, leave it in that form. For totalized flow measurements:
If only instantaneous flow rates are available, use the appropriate formula below:
If you do not have a flow meter in the pipeline, your remaining flow measurement option is to manually collect water coming out of the side of the riser. This is done using a bucket and stopwatch to determine the flow rate from the jet being monitored. The following formula can be used to make this calculation: The discharge rate should be measured from as many risers as possible. You will soon determine whether there is a significant difference between riser discharge rates and all risers must be measured, or whether there is consistency between riser discharge rates and only a sampling is needed.
Determine the flow rate to the irrigation set using the following formula: As with orchard pot systems, alfalfa valve systems use a concrete or PVC pipeline to deliver the water to the orchard. If a propeller meter can be installed in the pipeline, it is the best way to measure the flow. Measuring the discharge from an alfalfa valve is difficult but can be done using the following technique.
temporary hydrant
A temporary hydrant with a flow meter installed over an alfalfa valve can be used to measure the applied water. See figure 9 for a schematic of this technique. The flow meter is installed in the section of pipe extending out of the side of the hydrant. This flow meter can be a propeller meter or a Doppler meter temporarily mounted to the side of the horizontal pipe. For details on calculations, see the section "Orchard Pot Systems-Using a Flow Meter," above.
w hat if i rrigation runoff is a Pro Blem?
Once the amount of applied water for an irrigation is measured, it is often found that the amount is greater than what is needed to replace the water used by the trees since the last irrigation. The excess water will either percolate deep below the tree root zone or run off from the orchard.
Currently, the emphasis of the Irrigated Lands Discharge Waiver Program is focused on irrigation runoff to surface waters and its impact on water quality. If tailwater is being generated and it is running off the property, there are a number of steps which can be taken. First, determine whether the irrigation set can be managed to decrease the tailwater amount. Could the irrigation water be turned off sooner to minimize tailwater while still adequately irrigating the tail end of the orchard? Figure 9 . Temporary hydrant installed over an alfalfa valve to measure the flow rate.
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Second, consider installing a tailwater return system. This system, often used with surface irrigation in row and field crops, collects runoff at the end of a field and reuses it for irrigation. It eliminates irrigation runoff and is an excellent management practice. For more information on tailwater return systems, see the companion publication Tailwater Return Systems (ANR Publication 8225 
